Abstract: Sooty molds (Capnodiaceae) are saprotrophs on the surfaces of leaves, and they take their nutrients from honeydew exuded by sap-sucking insects. We describe and illustrate the sooty mold Fumiglobus pieridicola sp. nov., which, to the dismay of gardeners, forms a thick black mycelial coating on the leaves and twigs of ornamental Japanese andromeda (Pieris japonica) in western North America. As a mitosporic species with a pycnidium that lacks an elongated neck and has at most a rudimentary stalk, the species belongs in the genus Fumiglobus. Although locally common, we found no specimens identified under Fumiglobus or its synonyms in regional herbaria and no record of any similar fungus in host indices. Our species differs from others in Fumiglobus in having smaller pycnidia and conidia and in having intercalary as well as apical pycnidia. We determined partial 18S and 28S ribosomal gene sequences for F. pieridicola, the first for any Fumiglobus species. Sequence analysis provides strong bootstrap support for including Fumiglobus within Capnodiaceae. We also determined 18S and 28S sequences for the type species of the mitosporic genus Conidiocarpus, also in Capnodiaceae. We confirm that Conidiocarpus is the anamorph of Phragmocapnias. Following the rules of nomenclatural priority, we propose the new combinations Conidiocarpus asiaticus, Conidiocarpus betle, Conidiocarpus callitris, Conidiocarpus fuliginodes, Conidiocarpus heliconiae, Conidiocarpus imperspicuus and Conidiocarpus siamensis.
INTRODUCTION
This study focuses on an unidentified sooty mold that colonizes Pieris japonica (Ericaceae, common name Japanese andromeda), an introduced ornamental shrub. Defined strictly, sooty molds are almost always associated with sap-sucking insects and they use the honeydew produced by the insects as a nutritive substrate (Blakeman and Fokkema 1982, 2011; Kelly 1990; Andrew 1992; James et al. 2007; Dhami et al. 2013) . Their name comes from their darkly pigmented mycelium, which forms a felt-like layer on plant leaves or stems (Stevens 1931 , Hughes 1976 , Reynolds 1976 . As is typical for sooty molds, our unknown fungus was associated with scale insects, and it formed a black layer coating leaves of the Japanese andromeda. The fungus is locally common along Canada's west coast.
Sooty molds on ericaceous plants are mentioned in home gardening advice columns and university extension handbooks from North America (Buczacki et al. 1981 , Hollingsworth 2013 . Mycelia on the leaves do not directly parasitize the plant but instead block sunlight, which may lead to premature chlorosis and leaf fall (Buczacki et al. 1981) . Gardeners are advised to treat the unsightly fungus with an insecticide to kill the insects that feed on the plant. Schread (1970) reported that a sooty mold damaged Japanese andromeda but without providing locality data or a voucher.
In contrast to the occasional mention of sooty molds in informal literature, we found no formal record in peer-reviewed literature or in herbaria of a species related to ours from the Pacific Northwest or from western Canada. The sooty mold on andromeda produces pycnidia with fimbriae surrounding their ostioles, suggesting that the species is a member of Capnodiaceae. (1915) . The species has other capnodiaceous characters as well, including superficial interwoven mycelium and hyphae that are composed of darkly pigmented cells with constricted septa and with mucilaginous outer walls (Batista and Ciferri 1963b , Hughes 1976 , Chomnunti et al. 2011 . The pycnidia lack a neck and have at most a rudimentary stalk (Reynolds and Gilbert 2006) , suggesting that the fungus is a species of Fumiglobus (5 Asbolisia). Fumiglobus, a genus comprising seven tropical species from varied host families (Batista and Ciferri 1963b, Sharma and Agarwal 1977) , had not been reported from temperate North America north of California (Farr DF, Rossman AY. Fungal databases, Systematic Mycology and Microbiology Laboratory, ARS, USDA. Retrieved 26 Jul 2013, from http://nt.ars-grin.gov/fungaldatabases/).
In terms of resources for identification, Fraser (1935) produced the first monograph for capnodiaceous sooty molds, encompassing both sexual and asexual taxa as the Eucapnodieae. Batista and Ciferri (1963a) segregated the sooty molds into two groups, placing the sexual forms in Capnodiaceae while moving the mitosporic molds to the newly erected family Asbolisiaceae (Batista and Ciferri 1963b) . Currently the family Capnodiaceae includes 12 genera and 117 species, mostly with uncertain phylogenetic placements (Khodaparast 2006 , Kirk et al. 2008 , Lumbsch and Huhndorf 2010 , Chomnunti et al. 2011 .
The epiphyllous colonies of sooty molds often are composed of several species of capnodiaceous fungi (Hughes 1976 , Chomnunti et al. 2011 , Dhami et al. 2013 , making them a challenge for molecular analysis. Reynolds (1998) used small subunit (SSU) rDNA data in the first molecular phylogenetic analysis of sooty molds. Reynolds' study included two sexual and three asexual species from Capnodiaceae. Schoch et al. (2006 Schoch et al. ( , 2009a included a limited number of taxa from Capnodiaceae in a phylogenetic survey of Dothideomycetes, and Chomnunti et al. (2011) produced the first multigene phylogeny of the family.
Herein we identify the unknown sooty mold on Japanese andromeda as a new species of Fumiglobus, ''Fumiglobus pieridicola'', with comparisons with available herbarium specimens and published descriptions. Using a phylogeny from the nuclear ribosomal large and small subunit genes, we analyze the relationships of the unknown species to other species in the Capnodiaceae and Capnodiales.
MATERIALS AND METHODS
Fungal and insect specimens.-We collected sooty mold growing on Japanese andromeda in Vancouver, British Columbia, Canada, and Corvallis, Oregon, USA. We also looked for herbarium specimens of sooty molds in Capnodiaceae and borrowed Capnodium walteri specimens from DAVFP, the herbarium of Pacific Forestry Centre, Canadian Forest Service, Victoria, British Columbia. Conidiocarpus caucasicus (Gilan University Mycological Herbarium GUMH 937 and University of British Columbia Herbarium UBC F23755) was collected from Nashtārūd, Māzandarān province, Iran, by F. Byrami in Jun 2011. We borrowed holotypes of Fumiglobus species from the University Herbarium (UC), University of California at Berkeley. These herbarium specimens of other Fumiglobus species were useful for morphological study but were too small and fragile for DNA extraction.
We collected the female insects that were associated with the sooty mold on Japanese andromeda from Vancouver and preserved them in ethanol (70%) or dried them at 40 C. The preserved insects were forwarded to Gillian W. Watson, senior insect biosystematist, California Department of Food & Agriculture, Sacramento, for identification.
Light microscopy.-Fresh fungal tissues were mounted in water. Dried fungal materials (including holotypes) were placed in 5% aqueous KOH solution for 2-5 min, then mounted in water. Mean values of 50-100 measurements are indicated with the range in parentheses. Freehand drawings were made at a fixed scale, and photographs were taken with a Leica DFC420 digital color camera and a LeitzH DMRB DIC research microscope. The photograph of insects associated with Japanese andromeda was taken with DFC490 digital color camera attached to a Leica M205C stereomicroscope.
DNA extraction, amplification and sequencing.-We extracted total genomic DNA from the fresh fungal tissue of the unknown sooty mold and from dried tissue of Conidiocarpus caucasicus with DNeasyH Plant Mini Kit (QIAGEN Inc., Canada) following the manufacturer's protocol. The nuclear LSU and SSU rDNA regions for all three fungal specimens were amplified with fungal specific primer pairs LROR/LR8 (Vilgalys unpubl 2 , unpubl 3 ), LR3R/LR9 (unpubl 3 ), LR7R/LR12 (Vilgalys and Hester 1990) , LR8R/ LR11(unpubl 3 ) and NS1/NS4 (White et al. 1990 ), NS3/NS8 (White et al. 1990 ) and NS19/NS6 (White et al. 1990, Gargas and Taylor 1992) respectively.
When the SSU gene sequences for the unknown sooty mold showed evidence of contamination (apparently due to a mixed population of fungi on the leaf surface) we cloned the PCR products with TOPOH TA CloningH Kits (Life Technologies, Canada). The PCR reactions were carried out with initial denaturation at 94 C for 5 min, followed by 40 cycles of 94 C for 10 s, 55 C for 20 s, 72 C for 3 min and final elongation at 72 C for 7 min. The PCR products were sequenced with an ABI PRISM BigDyeH Terminator Cycle Sequencing Kit 3.1 (Life Technologies-Applied Biosystems, Canada). The Nucleic Acid-Protein Service Unit in the Biotechnology Laboratory, University of British Columbia, performed the electrophoresis. If sequence ambiguities remained after alignment of the forward and reverse amplicons, DNA was re-extracted and resequenced, as above. Sequencher 4.10.1 (Gene Codes Corp., Ann Arbor, Michigan) was used to assemble the amplicons.
Taxon selection and alignments.-To retrieve sequences for Capnodiales, we used query sequences from the unknown sooty mold and Conidiocarpus caucasicus. Additional sequences for Capnodiales were selected from Chomnunti et al. (2011 ), Crous et al. (2007 , 2009 ) and Schoch et al. (2006 Schoch et al. ( , 2009a . Sequences for outgroups were selected from James et al. (2006) . (http://wasabi.lutzonilab.net/ pub/alignments/download_alignments). Initially LSU and SSU rDNA regions were aligned separately with MAFFT (Katoh et al. 2005 ) through the EMBL-EBI server (http:// www.ebi.ac.uk/Tools/msa/mafft/) and edited manually with Se-Al Sequence Alignment Editor 2.0a11 (Rambaut 2002) and Mesquite 2.75 (Maddison and Maddison 2011) . We excluded unalignable regions manually.
Phylogenetic analysis.-For analysis, the general time reversible (GTR) model along with a gamma distribution was selected using jModelTest 2.1 (Guindon and Gascuel 2003, Darriba et al. 2012) . We used RAxML 7.4.2 (Stamatakis 2006) to run several preliminary phylogenetic analyses. After preliminary analysis (results not shown), we excluded sequences for the following capnodiaceous fungi from the datasets because the phylogenetic positions of these taxa conflicted between the LSU and SSU trees and we could not rule out that one or both of the sequences from each species came from a contaminant: Devriesia americana (LSU: EU040227; SSU: AY251100), Brunneosphaerella protearum (LSU: GU214394; SSU: JN938706), Pseudocercospora vitis (LSU: GU253844; SSU: DQ289864) and Passalora vaginae (LSU: GQ852624; SSU: GU214561). We also excluded a sequence that we had determined from a culture of Fumiglobus sp. (ATCC 22041) because our preliminary phylogenetic trees showed the fungus to be a member of Pleosporales rather than Capnodiaceae, indicating that the culture was probably that of a contaminant. The final alignment included 150 taxa with 1305 characters from the LSU and 1595 from the SSU. The concatenated dataset (LSU + SSU rDNA) was generated with Mesquite. GenBank accession numbers are provided (FIG. 1, SUPPLE-MENTARY TABLE I). Alignment of the concatenated dataset is available at TreeBASE (http://purl.org/phylo/treebase/ phylows/study/TB2:S14550).
With RAxML, we performed separate maximum likelihood searches for alignments of: (i) partial LSU rDNA, (ii) partial SSU rDNA and (iii) a concatenated dataset encompassing both partial LSU and SSU rDNA genes. We performed 50 replicated likelihood searches followed by 500 bootstrap replicates for each dataset. The phylogenetic trees were rooted and modified with FigTree 1.4 (available at http://tree.bio.ed.ac.uk/software/figtree/) and Mesquite.
RESULTS
Phylogenetic analysis.-The unknown species of Fumiglobus, described below as ''Fumiglobus pieridicola'', is the first sequenced representative of its genus. ''Fumiglobus pieridicola'' is within Capnodiaceae, in a clade that also includes Capnodium coffeae, with 94% bootstrap support from the concatenated dataset (FIG. 1) . Within Capnodiaceae, Scorias spongiosa is the earliest diverging taxon, although without bootstrap support (FIG. 1) . Fumiglobus pieridicola is then sister to the rest of the Capnodiaceae (FIG. 1) .
In the phylogeny of the Ascomycota, many of the same clades received support from the concatenated dataset (FIG. 1) and individual analysis of LSU and SSU dataset. We recovered strong support from the concatenated dataset for Capnodiales being monophyletic within Ascomycota and moderate support for it being the sister group to Dothideales (FIG. 1) . The same topology appeared, although with less support, for the individual analysis of the 18S and 28S datasets (not illustrated).
As expected, the anamorphic type species Conidiocarpus caucasicus was part of a clade with three Conidiocarpus species, C. betle, C. siamensis and C. asiaticus, with 85% bootstrap support from the concatenated dataset (FIG. 1) and 89% support from the SSU dataset. All Conidiocarpus species in the analysis except C. caucasicus have a sexual state, and because of this they had been placed in Phragmocapnias. The close relationship between the type species for the anamorph and the type species for the teleomorph supports Conidiocarpus as the anamorph of Phragmocapnias. However, Conidiocarpus (Jaczewski 1917 ) is an older name than Pragmocapnias (Theissen and Sydow 1918 Mycelium epiphyllous, saprophytic, superficial, mucilaginous, spreading, dark brown-black. Hyphae light-dark brown, septate, constricted at septum, moniliform, smooth walled, branched irregularly, hyphal tips acute, cells 5.9(4.5-10.5) 3 7.45(6-13.5) mm (n 5 100); immature hyphae hyaline or light brown, cells 2.4(1.5-3) 3 3.9(3-4.5) mm (n 5 100). Pycnidia superficial, apical and intercalary; apical pycnidia pyriform, 30(25-70) 3 25(23-67.5) mm (n 5 75), with bulbous, multiseriate stalk (usually one or a few cells in diameter, variable length and width), 7.5(6-10) 3 7(6-8.5) mm (n 5 75), dark brown, glabrous, membranous, pseudoparenchymatous, wall of nearly isodiametric, 4-6-sided cells, ostiole fimbriate 10.5(6-12) 3 12(10.5-15) mm (n 5 75); intercalary pycnidia subglobose 30(25-65) 3 28(26-68) mm (n 5 75) with lateral stalk (usually) 8(6.5-9) 3 9.3(8-10) mm (n 5 75). Conidia round to slightly oval, hyaline, often adhering in short chains, 1.75(1.5-4.5) mm (n 5 100) diam, 1-4 guttulate.
Host: Pieris japonica (Ericaceae), common name Japanese andromeda, and Arbutus menziesii (Ericaceae), common name Pacific madrone.
Insect associated with Japanese andromeda: Dr G.W. Watson identified the scale insect as Pulvinaria cf. acericola (Walsh and Riley 1868) (FIG. 2C) . While the generic identity was clear, the species is uncertain. Notes: Among Fumiglobus species, F. pieridicola has the smallest conidia (TABLE I) . Fumiglobus pieridicola most closely resembles F. didymopanacis, but these species can be distinguished by their pycnidial and conidial morphology (TABLE I) . Fumiglobus pieridicola has stalked pyriform pycnidia that are apical or intercalary (apical pycnidia mean 30 3 25 mm diam; intercalary pycnidia mean 30 3 28 mm diam) and isodiametric conidia with a mean 1.75 mm diam. In F. didymopanacis both the pycnidia (40-70 3 43-60 mm) and conidia (av. 1.5 3 2.2 mm) are slightly elongated (Batista and Ciferri 1963b) (FIGS. 2H, I ). Batista and Ciferri (1963b) described the holotype of F. didymopanacis as having bacillar to globose conidia, but we were unable to find the rod-shaped conidia in the specimen. Cells making up the hyphae of F. pieridicola are almost isodiametric, with a mean length-to-width ratio of 1.3 (1.16-1.44; n 5 100), while those of F. didymopanacis are elongate, with a mean length-towidth ratio of 3.3 (3.0-3.75; n 5 100). Fumiglobus didymopanacis has been reported from Brazil and Australia growing on Artocarpus, Baccharis, Eucalyptus and Schefflera morototoni (; Didymopanax morototoni) (Batista and Ciferri 1963b Notes: Asteridiella glabroides is not a capnodiaceous mold. Stevens (1916) described this epiphyllous fungus as Meliola glabroides. Later Spegazzini reclassified the fungus as Asbolisia glabroides. Along with other former Asbolisia, Reynolds and Gilbert (2006) transferred this species to Fumiglobus. However, Stevens' (1916) description and image clearly support its identity as a member of Meliolaceae. Hansford (1961) reclassified the fungus as Asteridiella after examining the type. We support this reclassification because, consistent with an identification of Asteridiella, the fungus has no perithecial or mycelial setae (Hosagoudar and Agarwal 2008 Notes: Asbolisia ampullula is the type of Asbolisia. Petrak and Sydow (1935) treated this species as Cicinnobella ampullula (Speg.) Petr. & Syd., a decision that was supported by Hughes (1976) . Batista and Ciferri (1963b) attempted to conserve the genus Asbolisia by proposing Asbolisia citrina Bat. & Cif., an indigenous Brazilian species, as its lectotype. However, as Hughes (1976) pointed out that this was an invalid approach to generic conservation. Following Petrak and Sydow (1935) and Sutton (1977) , Kirk et al. (2008) designated Asbolisia as nomen dubium. Reynolds and Gilbert (2006) Notes: This is the type species of Conidiocarpus as discussed by Hughes (1976 
DISCUSSION
This is the first report of a Fumiglobus species from a temperate region and the first report of a species in Capnodiaceae on Japanese andromeda (Partyka 1980 , Farr et al. 1989 , Jones and Benson 2001 , Sinclair and Lyon 2005 . Although sap-sucking insects have been reported on the host plant in both North America and the United Kingdom, the accompanying fungi previously were not identified or vouchered (Schread 1970 , Partyka 1980 . Because F. pieridicola is locally common and striking in appearance, we initially assumed it would have been collected frequently and that, knowing its genus, we would be able to determine its distribution pattern through herbarium records. However, neither UBC nor DAVFP, important herbaria in our region with digitized collections, had any specimens identified as Fumiglobus (or Asbolisia); neither did DAOM, the National Mycological Herbarium in Ottawa, Ontario, Canada. Having the collections of Stanley J. Hughes, a leading authority on Capnodiaceae, DOAM would have been one of the most likely repositories of Fumiglobus specimens. Because no specimens labeled Fumiglobus or Asbolisia were available in regional herbaria, we examined the only available specimens of Capnodiaceae on other ericaceous plants from our regional herbaria, which were two specimens of Capnodium walteri on madrone from DAVFP. Capnodium walteri has elongate, multiseptate conidia and is clearly different from F. pieridicola. One of these specimens, DAVFP 21836, was a mixed collection containing F. pieridicola along with the mitospore state of C. walteri. In his original description of C. walteri, Saccardo (1893) said that it had spermogonia. This raised the question of whether F. pieridicola could represent the spermogonial stage of C. walteri that Saccardo illustrated or on the other hand whether F. pieridicola and C. walteri are two separate taxa growing in proximity. Saccardo's illustration of spermogonia (1893: FIG. 1a, TABLE VI) shows an obclavate sporulating body, elevated on a stout multicellular stalk several cells in diameter, lacking fimbriae around the ostiole. In contrast, F. pieridicola has pyriform pycnidia, a slender stalk and fimbriae around the ostiole. The ''conidia'' produced by the putative spermogonia of C. walteri were oblong and at 5 3 2 mm (Saccardo 1893; FIG. 1d, TABLE VI) were more than twice as long as conidia of F. pieridicola. Saccardo's description of C. walteri is confusing in several respects, and in addition to showing spermogonia he described and illustrated characters now recognized to be absent in C. walteri including pycnidia resembling Microxyphium (Fraser 1935) and an ascoma with an elongated neck (Fraser 1935 , Batista and Ciferri 1963a , Hughes 1976 , Sivanesan 1984 . The spermogonia seen by Saccardo were not reported again afterward by Fraser (1935) in her descriptions of C. walteri or by Hughes (1976) , although neither Hughes nor Fraser examined the holotype. We think Saccardo was analyzing a mixed colony of sooty molds and that the ''spermogonia'' were mitospore fruiting bodies of a different sooty mold. It is most likely that F. pieridicola and C. walteri are two separate species that were growing closely together, as is common for sooty molds.
The phylogeny of Capnodiales was mostly congruent with trees published by Crous et al. (2009 ), Schoch et al. (2009a and Chomnunti et al. (2011) , where taxon sampling overlapped. Sequences from genera traditionally placed in Capnodiaceae formed a monophyletic group that included F. pieridicola. Moniliform hyphae as in F. pieridicola are not usual in Capnodiaceae, but on the other hand pycnidia with fimbrae around the ostiole and the mucilaginous sheath around hyphae are typical of the family and rule out alternative placements (Hughes 1972 (Hughes , 1976 . Of the genera in Capnodiaceae, Scorias, Conidiocarpus, Conidioxyphium, Microxyphium and Leptoxyphium share a pycnidial stage with a horn-shaped, elongated neck and the pycnidium is usually elevated on a long black stalk (Batista and Ciferri 1963b, Hughes 1976) . Fumiglobus (Reynolds and Gilbert 2006) represents the simplest type of fruiting structures among all pycnidial anamorphs from Capnodiaceae with simple globose to pyriform pycnidia that lack the elongated stalk and neck. Fumiglobus has no known teleomorph, raising the possibility that our species is an anamorph of a previously described teleomorph. However, our phylogeny shows that F. pieridicola cannot be monophyletic with any of the sequenced teleomorph genera.
Although this study was successful in establishing the phylogenetic position of Fumiglobus, its family, Capnodiaceae, remains poorly sampled. Contamination remains the major barrier in the molecular systematics of Capnodiales. This was evident when our sequencing revealed that a culture of Fumiglobus sp. (ATCC 22041) was a member of the Pleosporales not Capnodiales. The sequences in GenBank for Chaetasbolisia erysiphoides strain CBS 148.94 (LSU: EU754140; SSU: EU754041) similarly suggested that the fungal isolate could be a contaminant. From its morphology, Chaetasbolisia erysiphoides belongs in Capnodiaceae and like Fumiglobus it has subglobose pycnidia with hyaline conidia (Batista and Ciferri 1963b) . In our phylogeny, C. erysiphoides nested within Pleosporales with high bootstrap support and not in the Capnodiales. Isolating DNA or a pure culture from a foliicolous fungus is clearly difficult.
Finding F. pieridicola so commonly on a non-native shrub raised the possibility that the fungus is a recent introduction. Pieris japonica is native to eastern Asia, and, although we found no Asian reports of the fungus, it may coexist there with its plant host. However, we also found F. pieridicola on leaves of a native madrone tree. Fumiglobus pieridicola must have dispersed at least 600 km because we documented its presence in Corvallis Oregon, USA, and in Victoria and Vancouver. British Columbia, Canada. We speculate that the fungus may accompany early instar scale insects as they crawl to a feeding site or winged males during flight to find a mate. The lack of information about this locally common fungus brings to mind a quote used by Linnaeus (1751 p 158), ''Nomina si nescis, perit et cognitio rerum''. Now that the fungus has a name, we hope that it will become more widely collected and accessioned into herbaria, leading to a more complete understanding of its biology and geographical distribution. 
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